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57 ABSTRACT 
Process for producing an integrated laser-photodetec 
to structure. 

A buffer layer and a double heterostructure are depos 
ited on a substrate. Part of the double heterostructure is 
etched to form a cleaved face and to free the buffer 
layer. On the latter is formed a photodetector, e.g. with 
the aid of a Schottky contact. 
Application to the production of light sources for opti 
cal telecommunications. 

5 Claims, 10 Drawing Figures 
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PROCESS FOR THE PRODUCTION OF AN 
INTEGRATED LASER-PHOTODETECTOR 

STRUCTURE 

BACKGROUND OF THE INVENTION 

The present invention relates to a process for the 
production of an integrated laser-photodetector struc 
ture. 
The technical field of the invention is that of double 

heterostructure semiconductor lasers either of the con 
ventional type, or of the quantum type (the latter gener 

O 

ally being called "multiple quantum well") and with a . 
ribbon-like junction geometry. A double heterostruc 
ture is constituted by a stack or pile of different semi 
conductor alloy films. The latter are deposited on a 
monocrystalline substrate, either by liquid or gaseous 
phase epitaxy, or by a molecular beam. The thickness of 
the active zone, where both the excitons and photons 
are produced, is approximately 100 nm for a conven 
tional double heterostructure. It is reduced to about ten 
nanometers in the case of a quantum structure. 
For lasers emitting between 0.8 and 0.9 um, the films 

constituting the double heterostructure are of alloy 
Ga1-xAl-As, whilst for lasers emitting between 1.3 and 
1.65 u the films are of alloy Ga1-In-As-Py. 
In optical fiber telecommunications, which is the 

favoured field for semiconductor lasers, the power 
emitted by the lasers is sensitive to temperature fluctua 
tions and to partial deterioration in the case of long 
operating periods. Therefore power stabilization of the 
laser emitter is necessary. This stabilization is obtained 
by a photodetector positioned behind the laser. The 
detected signal is injected into a feedback circuit mak 
ing it possible to readjust the supply current of the laser. 
This detector which, like the laser, is mounted in the 
optical head must be accurately positioned in order to 
collect the maximum power. During its fitting, it may 
also be necessary to incline it in order to prevent insta 
bility of the emission by the reinjection of photons into 
the laser cavity. 
Of late, numerous works have appeared on the inte 

gration of a laser and a photodetector. Two solutions 
have already been reported, namely monolithic integra 
tion and hybrid integration. 

1. In the first of these methods, it is a question of 
producing a channel perpendicular to the ribbon, tape 
or strip of the laser by chemical or ionic etching of the 
double heterostructure, which makes it possible to sepa 
rate the two components, namely the laser on one side 
and the photodetector on the other. The functions of 
these two components are differentiated by the polarity 
of the voltage applied to the p-n junction which they 
both have. The laser junction is polarized in the conduc 
tive direction (direct p-n), whilst the photodetector 
junction is polarized in the reverse direction. Two inte 
gration types are possible as a function of the coupling 
mode between the laser and the photodetector. 

(a) Coupling Across a Guide 
In this case, the double heterostructure is constituted 

on the one hand by the different conventional layers or 
films (first confinement layer, active layer, second con 
finement layer and contact layer) and on the other hand 
by a passive guide located beneath the first confinement 
layer. Its index has an intermediate value between that 
of the active zone and that of the confinement layer. 
Etching of the different layers is then stopped just 
below the active zone in the first confinement layer. 
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2 
Coupling between the two components takes place 
across the guide and is dependent on the thickness of the 
first confinement layer, as well as the profile of the 
opening produced. Such a coupling mode is described 
in the article by J. L. MERZ and L. R. LOGAN enti 
tled "Integrated GaAs-GaAlAs injection laser and de 
tector with etched reflector” published in Applied 
Physics Letters, vol. 30, No. 10, p 530, 15.5.1977 and in 
the article by P. D. WRIGHT, R.J. NELSON AND R. 
B. WILSON entitled "Monolithic Integration of In 
GaAsP Heterostructure Lasers and Electrooptical De 
vices' published in IEEE Journal of Quantum Elec 
tronics, vol. QE 18, No. 2, February 1982. 

(b) Direct Coupling 
The double heterostructure does not necessarily have 

a passive guide beneath the active layer. The opening 
made is sufficiently deep to eliminate any guided cou 
pling between the laser and the detector. Two active 
layer sections then face one another, namely one for 
transmission and the other for detection. A device of 
this type is described in the article by O. WADA et al. 
entitled "AlGaAs-GaAs Microcleaved Facet (MCF) 
Laser Monolithically integrated with photodiode', 
published in Electronic Letters, vol. 18, No. 5, 4.3.1982 
and in the article by Yoshia Suzuki et al entitled "InP 
/Ingals 1.5 um Region etching cavity laser” Jph. J. 
Appl. Phys., vol. 23, 1984. 

2. The second method is that of hybrid integration. 
Such a solution is described in U.S. Pat. No. 4,297,653 
"Hybrid semiconductor Laser/detectors' granted to D. 
R. SCIFRES et al. In this procedure, the laser is 
mounted on a machined, diffused silicon support for 
providing a detector in front of which is prepositioned 
the laser. Thus, a rigid laser-photodetector assembly is 
obtained. 
Although they are satisfactory in certain respects, 

these methods suffer from certain disadvantages. In 
general terms, integrated laser-photodetector structures 
are mounted on the substrate side on a heat dissipator 
for reducing their operating temperature. The by no 
means negligible thermal resistance of these lasers as 
sumes that they have a low threshold current in order to 
permit a continuous operation. Moreover, a good sensi 
tivity of the feedback system (ratio for the variation of 
the photodetected current to that of the supply current 
of the laser) is desirable. 

In the case of the solution using a passive guide, the 
threshold current is doubled compared with an insu 
lated laser having two cleaved faces (6 kA/cm2 instead 
of 3 kA/cm2). This structure also requires a very pre 
cise control of the etching of the mirrors so as to ensure 
that the optical guide is not etched. Authors who have 
reported on this method do not describe continuous 
characteristics. The sensitivity values measured are 
approximately 10%. 
The integrated structure with direct coupling makes 

it possible to obtain relatively low threshold currents 
(approximately 40 mA) essentially due to the quality of 
the microcleaved faces. However, the sensitivity value 
remains low (approximately 1.5%), which is due to the 
low active detection surface (active layer thickness 
approximately 10 nm). The sensitivity is even lower in 
the case of double heterostructures with quantum layers 
or films (thickness approximately 10 mm) and sensitiv 
ity of approximately 0.045%. 
The laser-photodetector hybrid structure provides 

the desired performance characteristics of good quality 
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of the mirror faces of the lasers (cleaved faces) and high 
sensitivity of the detector (silicon detector). The limita 
tions of this procedure relate to the hybridization caus 
ing problems of precision, reliability and fitting costs. 

SUMMARY OF THE INVENTION 

The object of the present invention is to obviate these 
disadvantages by proposing a laser-photodetector as 
sembly monolithically integrated onto the same sub 
strate and having a low threshold current and a high 
differential sensitivity. This object is achieved by using 
the same procedure for producing the laser ribbon, one 
of the reflecting faces of the laser and for locating the 
photodetector. The invention leads to a reliable assem 
bly having high performance characteristics, whilst 
making it possible to reduce the costs of the optical 
heads for telecommunications. 
The invention more specifically relates to a process 

for producing an integrated laser-photodetector struc 
ture, wherein on a substrate are deposited a buffer layer, 
followed by a double heterostructure having a first 
confinement layer, an active layer and a second confine 
ment layer; part of the double heterostructure is etched 
to produce an uncleaved face serving as a reflecting 
face for the laser; a photodetector is produced in the 
vicinity of the laser and on the side of the uncleaved 
face, wherein in order to produce the photodetector, 
part of the double heterostructure is etched at least up 
to the buffer layer and the photodetector is produced on 
the thus freed buffer layer. 

In a constructional variant, the photodetector is ob 
tained by a Schottky contact. In another variant, the 
photodetector is a p-n junction. 
The substrate can be planar or have a staircase pro 

file, which makes it possible to raise the photodetector. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described in greater detail hereinaf 
ter relative to non-limitative embodiments and the at 
tached drawings, wherein show: 
FIG. 1(a-c) is a first embodiment of the process ac 

cording to the invention using a Schottky detector. 
FIG. 2(a-c) is a variant in which the substrate has a 

staircase shape. 
FIG. 3 is another embodiment using a semiinsulating 

Substrate. 
FIG. 4(a-c) is a variant in which the photodetector is 

a p-n junction. 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The description of the invention relates to GaAs 
GaAlAs materials on a n substrate. This description 
extends directly to the lasers formed on the semiinsulat 
ing substrate and on materials such as InP-GanAsP. 
On a substrate 10 is firstly formed a n-type buffer 

layer 12 doped to 105-107 cm (part a in FIG. 1), 
which is followed by the formation of a double heteros 
tructure, i.e. a stack of the following layers or films: 
a first n-doped confinement layer 16 of AlGa1-xAs with 

x=0.3, 
an undoped active layer 18 of AlGa1-As with ys 0.1, 
a second confinement layer 20 doped with Al-Ga1-xAs 

with x=0.3, 
a p-doped GaAs layer 22. 

In the case of quantum structures (x approximately 
0.6), the active layer 18 is constituted by one or more 
wells with a thickness of approximately 10 nm. 
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4 
The laser ribbon which laterally defines the guide 

limits is produced either during growth, or after growth 
(by proton implantation). 
Face 24 of the double heterostructure is cleaved. A 

structure like that shown in sectional form in part b of 
FIG. 1 is obtained. An uncleaved face 26 is obtained by 
etching the materials through a mask 25 up to an ade 
quate thickness for freeing the buffer layer 12. This 
etching can be chemical, ionic or reactive. The freed 
buffer layer will form the sensitive layer of the photode 
tector. 
A Schottky detector is then produced to the rear of 

the uncleaved laser face 26 by depositing a metal layer 
30. The latter can be of alloy Ti/Au. The laser-detector 
spacing is approximately 50 pum. 
As shown in FIG. 2, it is also possible to start with a 

substrate 10 having a staircase configuration with a 
ramp 11 joining an upper stair 13 to a lower stair 15 
(part a). The ramp angle can be 40' to 50. This sub 
strate can be produced by chemical or ionic etching. In 
this case, the double heterostructure 14 is deposited by 
organo-metallic chemical vapour deposition (OMCVD) 
or by molecular beam epitaxy (MBE). As in the preced 
ing case, the layers deposited on the upper stair and on 
the inclined zone up to buffer layer 12 (part b of FIG. 2) 
are etched through a mask 25 deposited on part of the 
double heterostructure. A metallization 30 is then 
placed astride the upper stair and on the inclined zone. 
The invention can also apply to the case of a semiin 

sulating substrate, as illustrated in FIG. 3. This substrate 
10' is surmounted by a n--doped layer 10". Etching of 
the double heterostructure is continued up to the sub 
strate in the interpolated zone 32, in order to electrically 
insulate the laser from the photodetector. 

In the previous examples, the photodetector has been 
formed by a Schottky contact, but the invention is not 
limited thereto. It is also possible to produce a p-n junc 
tion, as illustrated in FIG. 4. 
The first stage (a) is the same as hereinbefore, except 

that the etched face 26 of the laser is produced prior to 
the formation of the ribbon and the metallizations. Im 
plantation and annealing, or a selective diffusion of a 
p-type impurity, are then carried out on the buffer layer 
12 in zone 34. Metallization 36 is then obtained by the 
lift off method (4b). 
The laser ribbon is then formed e.g. by implantation 

by protons by masking with a resin 36 the entire region 
of the detector up to the apex of the machined face 
(FIG. 4c). 
This sequence of operations can be carried out both 

on a plane (as illustrated) and on a step (as shown in 
FIG. 2). In the same way, the substrate can be semicon 
ducting or semiinsulating (as in FIG. 3). 

In the above examples, substrate 10 and buffer layer 
12 serving as the photodetector are of GaAs. When 
using an InP substrate, it is necessary to epitaxy an 
InGaAsP layer, whose forbidden band width is equal to 
or below that of the active layer and this must take 
place before the InP confinement layer undergoes epi 
taxy. 
What is claimed is: 
1. A process for producing an integrated laser 

photodetector structure, wherein on a substrate are 
deposited a buffer layer, followed by a double heteros 
tructure having a first confinement layer, an active 
layer and a second confinement layer; part of the double 
heterostructure is etched to produce an uncleaved face 
serving as a reflecting face for the laser; a photodetector 
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is produced in the vicinity of the laser and on the side of 
the uncleaved face, wherein in order to produce the 
photodetector, part of the double heterostructure is 
etched at least up to the buffer layer and the photode 
tector is produced on the thus freed buffer layer. 

2. A process according to claim 1, wherein on the 
thus freed buffer layer is deposited a metal layer form 
ing with said buffer layer a Schottky detector. 

3. A process according to claim 1, wherein a zone of 
the thus freed buffer layer is doped with an impurity of 
a doping type opposite to that of the substrate and then 
a metal layer is deposited on the thus doped zone to 
form a junction photodetector. 
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6 
4. A process according to either of the claims 2 and 3, 

wherein the double heterostructure is deposited on a 
staircase-like substrate with an upper step and a lower 
step, connected by an inclined zone, the laser being 
constituted on the lower step and the photodetector 
partly on the upper step and on the inclined zone. 

5. A process according to either of the claims 2 and 3, 
wherein with the substrate being semiinsulating and 
covered by a doped layer, the etching of the double 
heterostructure is continued into a zone located be 
tween the laser and the photodetector up to the semiin 
sulating substrate. 

sk x 2k 


